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just slightly crumbly, then the material had just about the proper moisture content for successful rolling.3 This is practically the same thing as saying that the moisture content of cohesive materials before rolling should be slightly less than that required for the Atterberg plastic limit (see Art. 2, Chapter 16).
Another rough guide to proper moisture content is the action of the roller on the embankment. If the roller weaves up and down to an excessive extent it is certain that there is too much moisture in the embankment. If the embankment weaves only slightly on rolling, the moisture content is probably not far from that which is desirable. Of course, if the moisture content is very much in excess of the optimum, it is utterly impracticable to properly compact the embankment and the result may be an unstable embankment. With pervious embankment materials it is also necessary to determine the dry density, but there is never any danger of getting materials of this sort too dense.
20. Protection of Upstream Slope. It is always necessary to protect the upstream face of a dam from wave action to some extent. Protection should be provided for that portion of the upstream face which may be subjected to wave action.
In relatively small reservoirs log booms placed in front of the slope have proved to be effective in breaking the waves before they strike the slopes. For many
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FIG. 7.   Dumped riprap.
years the Spring Valley Water Co. of San Francisco, Calif., protected the earth slopes of its reservoirs by anchoring booms about 3 ft from the upstream slope.
In reservoirs that are emptied frequently, the bank protection should begin at the upstream toe. If it can be determined that the reservoir will not be drawn down below a certain elevation, the bank protection need not go below that elevation, but at that point a berm should be provided.
21. Riprap. There is no material superior to good stone riprap for the protection of the upstream face of an earth dam from wave action. Stone riprap is of two classes, random riprap and hand-placed. The former consists of stones
8 As an indication as to whether or not additional water should be added before rolling this test has been used at least since 1910 and probably much longer.